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ABSTRACT 


The objective of this researcli program is to investigate tlie technical 
and economic feasibility of producing solar-cell -quality sheet silicon 
by dip-coating one surface of carbonized ceramic substrates with a thin 
layer of large-grain polycrystalline silicon. 

To date, an experimental dip-coating facility has been constructed. 
Using this facility, relatively thin (• 1 mm) mullite and alumina sub- 
strates liave been successfully dip-coated with 2.5 - 3.0 ohm-cm, p-t>pe 

2 . 

silicon with areas of -20 cm . The thickness and grain size of these 
coatings are influenced by tlie temperature of tlie melt and the rate at 
\.hich the substrate is pulled from tlie melt. One mullite substrate had 
dendrite- like crystallites of the order of 1 mm \;ide and 1 to 2 cm long. 
Tlieir axes were aligned along tlie direction of pulling. 

A large variety of substrate materials liave been purchased or developed 
enabling the program to commence a substrate definition evaluation. 

Due to the insulating nature of the substrate, the bottom layer of the 
p-a junction may liave to be made via the top surface. The feasibility 
of accomplishing this lias been demonstrated using single crystal wafers. 
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INTTRODUaiON ANl) SUNMARY OF RFSULTS 

This research program commenced October 21, 1975. Its purpose is to 
investigate the teclmical and economic feasibility of producing solar-cel 1- 
quality sheet silicon by dip-coating inexpensive ceramic substrates with 
a tliin layer of large grain polycrystalline silicon. The dip-coating methods 
to be developed arc to be directed toward a minimum-cost process with 
tlie objective of producing solar cells with a terrestial conversion 
efficiency of 10 percent or greater. 

I’revious to this program the Ilone)^^!! Corporate Research Center experi- 
mentally demonstrated tliat silicon coatings could he applied to carbonizcxl 
ceramic substrates by immersing them into molten silicon and subsequently 
removing tlicm at a pulling rate of ~ 1 cm/sccond. Layers resulting from t!iis 
coating tccliniquc liad grouth-parametcr-dependent tiiickncsscs ranging from 
25 to 100 micrometers, witli crystalline grains substantially larger 
tluui the layer tliickncss. 

This \.'Ork is being continued unucr tliis contract program. To date, 
a suimmiry of tne progress of this jirognun includes: 

1. .\n experimental dip-coating facility luis been designed, constructeii, 
tested and modified as recjuired. I'liis facility luis considerable 
research flexibility and will be used to stud\’ grov.th panuneters 
for preparini; silicon coatings with optimum grain sizes. 

2. A .Il’L design rex'iew of this facility was perfomed as jier 
program jilan. 

5. A Standard Oi)erat ion I’rocedure document ilescribing the oj)erat ion 
of the dip-coating facility was prepared and submitted to .'PL 
as ]KM‘ progr;un j)lan. 

4. .'-lullite aixl alumina substrates Ivive been il ip-coate».l with p-tx'jH' 
silicon using thl.^ I'acility. Ihese 2. .5 - ,5.() olun-cm coatings 
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have areas of approxunately 20 cm and thicknesse.*- ranging from 
“12 to 125 pmeters. The variations in the thicknesses of tliese 
coatings purposefully resulted from varying such groutli parjimetcrs 
as pulling rate and melt temperature. One substrate had dendrites 
in the microstructure of its 45 meter thick coating tliat were 
feathery in appearance and t>’pically 0.5 - 1.0 mm wide and 1-2 cm 
in length. A diffractometric analysis of the crystallographic 
surface texture of the coating showed a 1,0,0 orientation. 

5. llonc>'well 's Ceramic Center lias fabricated or purchasetl a suffi- 
cient variety of ceramic substrate materials to enable tlie Researcli 
Center to commence an evaluation directetl toward substrate de- 
finition. 

6. A satisfactory Ixittom and top laver solar cell clcctraling 
tccluiique lias been cstablishctl using single crystal silicon 
wafers with p-n jiuictions. 

As this program is continued, its efforts will be directed toward 
the remaining major tasks: 


1. Definition of an inexpensiv'e ccnimic substrate material 
whose properties are compatible with silicon and the dip- 
coating process. 

2. Development of a substrate carbonization tecluiiquc. 

5 Characterization of the optimum dip-coating growth pai'ameters to 
maximize grain size and minimize indi\ iiliril cr\'stallitc dis- 
location dens it)’. 

4. C!haract('rizat ion of the pln’sical and electrical properties of 
the silicon coating.s. 


5. l.ialuation ol solar cells tabricatetl from t.ie silicon coat ini"'. 


TliClLN'IOM. DISCUSSION 


DIP-COATING I-ACILIIT 

During this reporting period, the experimental Jip-coating facility, 
discussed in detail in the 1st (^larterly Report, was comj)lcted, testcxl 
and modified as recjuired. As shown in Photo No. 1, the facilit)’ consists 
of the following three major components: 

1. Tlie nuiin fr:une of tlie dip-coating assembly consisting of the 

following major parts: 

I a water-cooled melt chamber with :i viewing port. This 
assunbh' pennits evacuation of the clumil)er and a sub- 
seciuent purging with argon gas. 

I a gas lock and pulling rod assenbl)’ which eiuibles the 
o])aator to install and remove maaerous substrates 
during the course of a da>''s operation. 

I a ]irograiiinabIe dip-pull mechanism. 

I a control panel I'or (operating the facilit;.'. 

I a IloiH'vvid 1 Dialatrol temperature controller 

I a llone>’well hUctronic 1 ype IJa tuo-])en chait lavorder 
lor ivcording pulling lates ;uid melt t eiii])erature. 

I an adjustable gas flowmetiU' 

I a uatei' flow iailure sluit-dowii switch 







2. A 25KVA, SCR controlled melt heater power supply. 


3. A 25 KVA "After-Heater" power supply consistinR of tlie following: 

I a programmable cam temperature controller with a 
circular duirt recorder 

■ a Honeywell Electrodyne motor-driven multiple variac 
power supply 

I a 30 KVA step-down transformer for matching the impedance 
of tlio "After-Heater." 

The original design for installing the "After-Heater" directly above 
the silicon melt had to be modified to overcome a possible graphite crucible 
liolder breakage problem during the facility sliut-down operation. To 
ensure tl\at the graphite crucible holder will not he broken when the quartz 
crucible expands and breaks during the solidification of the silicon melt, 
the quartz crucible containing the molten silicon is raised out of its 
graphite holder at shut-do\vn time. This makes it necessary to externally 
reposition the "ter-Heater" by an externally controlled lever. As such, 
to date the "After-Heater" assembly lias not yet been installed. All parts 
and conqioncnts of this assembly lia^^e been constructed and are presently 
being added to the facility. 

On February 27, tlie design of tlic dip-coating facility was reviewed by 
the program's contract monitor, Ur. Martin 11. Leipold. At tliat time he 
was presented with a copy of a "Standard Operation Procedure" document 
describing tlie operation of tiic facility. 

UIP-CQATING RESULTS 

Tluree mullite substrates and one 971 alumina substrate were dip-coated 
with p-t>'pe silicon. Tlie mullite substrates were fabricated at ltone>vcirs 
Ceramic Center by rolling, drying and firing a wet plastic formulation. 
Details of this process will be given in a later section of this report. 
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The substrates used were - 6 an x 5 an in area and - 1 mn thick. They 
were iirmersed *4 an into the molten silicon tluis producing silicon 
coatings of - 20 on** in are; . (Sec Photo No. 2) One surface of these 
substrates was coated with carbon by scrubbing ultra pure carbon over the 
surface and subsequently removing all surplus powder. Both the mullite 
and alumina substrates proved to be thermally compatible with the dip- 
coating process by withstanding tlie thermal shock of being imnersed into 
the molten silicon with no visible sign of cracking. Tlie alumina substrate 
was not cleaned and fired before dip-coating and therefore produced only 
a spotty coating. 

The character of each of these coatings varied, as expected, with the 
teii^erature of the melt and the pulling rates employed. Table No. 1 
lists data pertinent to the growth parameters used in coating the afore- 
mentioned substrates. 

Metallurgical cliaracterization of the samples was done by visual 
inspection, to assess structural integrity, and metal lographic examination 
of sectioned and etched specimens by optical microscopy to measure film 
thickness and grain size. The etchant used to delineate grain boundaries 
was dilute CP^. 

All tlic films sliowTi in Plvjto No. 2 were prepared on mullite substrates. 
The silicon covered only the side of the substrate tliat liad been coated 
with carbon. Tlie surfaces of the films apjx'ared brigl't and shiny to 
the eye. No cracks were observed in any of the substrates or films. 

The top edge of each film liad a slightly thicker ridge running across it. 
lixcellent adherence of tlie films to tlK* substrates was nottnl in the 
course of liandliivg. Tlie microstructures of all the films were dendritic 
in nature, with the size of the dendrites being deperwlent on tlie grouth 
parameters, pulling rate ard melt tcmix?raturc. 

Substrate coating No. 1 (See Plioto No. 2) was pulled at tlx' slowest 
rate 0.12 on/ sec at a melt temperature of 1434°C. The surface of the sample 
was covered with gentle ripples running across the film from top to bottom. 
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TABLE I. DIP-COATED S.AMPLE GROVsTH DATA 
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These were caused by operating the pulling motor controller at too low 
a level causing jerkiness in the motor. At faster pulling rates these 
ripples were eliminated on subsequent coatings. 

The dendrites in the microstructure of substrate coating No. 1 were 
feathery in appearance (See Photo No. 3) and typically 1 nm wide and 1-2 
cm long. The axes being aligned with the pulling direction. X-ray 
diffraction showed tliat the crystallographic surface texture of the 
film was 1, 0, 0. Tlie film measured 45 ymeters in thickness. 

Substrate coating No. 2 (See Photo No. 2) was pulled at 0.33 cm/sec 
from a melt at 1426°C. Its surface appeared quite smooth. The dendrites 
in its microstructure were more "tree like" in appearance and were -50 ymeters 
(2 mils) wide and 250 ymeters (10 mils) long. Tlie long axes were aligned 
in the direction of pulling. The film thickness was 12.5 ymeters (.5 mils). 

Substrate coating No. 3 (See Photo No. 2) was pulled at 0.33 cm/sec 
from the coolest melt, 1410° C. The microstructure of this sample was 
dominated by coarse dendrites emanating from tlie leading edge of the 
film. Tlie needle-like main branch of these dendrites were often 1 inn wide 
and 1-2 cm. long. The surface was not smooth due to the varying thicknesses 
of these dendrites. Film thickness ranged from 25 ymeters ( 1 mil) to 
150 ymeters (6 mils) . 

The dendrite nature of the films is indicative that supercooling of the 
melt existed in all cases before solidification. Tlie various dendritic 
morjihologies reflect the degree of supercooling. Ntost encouraging is the 
fact tliat in all the films there was evidence tliat the first solidification 
occurred at the leading edge of the film. Tliis suggested tliat under the 
proper conditions nucleation and growth could be controlled and both 
grain size and quality be improved. 

The slightly thicker ridge of material at the top of eacli film is a 
consequence of tiie manner in whicli pulling was started, i.e. it took a 
finite iimount of time to reach the desiretl pulling rate and the film grew 
thicker at the slower rates. 
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The silicon diarge was doped to produce a single crystal with an 
impurity concentration of 5.6 x 10^^ atoms/cm^. Tliis, as reported by 
J. C. li'win (see Tig. 1) is the equivalent of 2.5 olim-cm resistivity. 

Our measurements show this p-type sample to vary from 2.5 to 3.0 ohm-cm. 

Tliis measurement prevailed irrespective of the orientation of the 4-point 
probe. A somewl\at larger resistivity results from this doping level in 
previously grown CVD coatings with average crystallites of ~125 pmcters. 
Caution must be given to the resistivity measurement of the dip-coated 
sample, however, since it was based on measuring a thin wafer on an 
insulating base, SiC is an insulator, but can be a semiconductor when 
doped. Sliould the SiC base layer be a good conductor, a correction would 
nave to be made wlaich would increase the magnitude of this measured 
value. We clioose to accept this ideal measurement since the SiC layer 
is so relatively thin conqiared to tlie silicon coating. 

SOL\R CELL ELECTRODES 

llone)vell's previous work (see Fig. 2) clearly shows tl\at heavily 
19 3 

doped (> 5 X 10 atoms/cm ) n-t>'iie polycr>'stallinc silicon liave essentially 
the same resistivity as comiiarable doped single-crystal silicon. One 
should therefore ex})ect, tluat by using an optimized top layer contacting 
grid network, the olimic series resistance (R<.) contributed by the top 
layer of solar cells fabricated from either single or polycr>’stallinc 
silicon, for a given area, sliould, for tlie most part, be identical. 

Tlie p-t>'pe base layer Rg of a t>qncal* 2 cm x 2 cm single crystal 
solar cell is -3.75 x 10 “ olims. 

Since a dip-coated solar cell's insulating substrate requires contacting 
the base layer from the toj) surface by etcliing (or otlierwisc cutting) 
tlirough the junction barrier, calculations reveal, tliat by alternately 
interlacing the base and top layer contacting grid lines, the dip-coated 
biise layer R<, would be only 1.46 times that of tlie tvpical single crystal 

* T\pical defined as being n on p witl\ a 3 olim-cm base layer and a 3000/^ 
juiKtion deptli using a 0.5 mm thick v.afcr. The top layer lus parallel 
contacting grid lines 0.25 mn wide and 3.33 mm on center. 
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cell. Since the solar illuminated forward resistance of a 2 cm x 2 cm, 101 
efficient single crystal cell is ~3.85 olms, this atklitional base layer 
Rg is probably not significant. 

The optimized top layer contacting grid network of a t>'pical 2 cm x 2 cm 
cell occupies -121 of the total area. By using the above-mentioned inter- 
lacing configuration for contacting tlie base layer of a dip-coated cell, 
it would increase this non-productive area to -30% of tlie total area. Such 
a large non-productive area seems excessive and irulicates tliat only when 
dip-coated solar cells liave actually been fabricated and evaluated tliat 
properly optimized contacting networks can be worked out. Tor this reason 
\;e conclude, at tins stage of our program, tliat it would bo futile to 
design the necessary art work for contacting to our future dip-coated solar 
cells by piioto resist or metal masking tecluiiques. This conclusion is 
furtlier supported by tlie fact tliat our initial dip-coated cells are un- 
likely to be entirely flat and would not accommodate sophisticated electrical 
contacting tecluiiques. 

For the present, single crystal and dip-coated solar cells will he 
electrically contacted in the following manner: 

1. Following the junction diffusion, the grid pattern for contacting 
the base layer will be masked with 16 mil Teflon tape and the 
remaining unmasked area subsequent 1\- covered with a acid 
resistant coating (Apiezon wax, etc.) 

2. Once this coating has liardened, the Teflon tape will be removed 
and the cx])osed pattern etched through the Jimction to the 
base layer. (Due to the shallow janction depth, very little 
silicon need be removed.) 

3. Tlie acid resistant coating will tlien he removed and the wafer 
tl 10 roughly cle;uicd. 

1. 10-mil strips of Teflon tape will again he placal in the central 
region of this previously etclicxl 16-mil wide base layer pattern. 
Additional 10-mil strips of tape will also be appl iot.1 to form the 


top layer contact pattern. A tliin coating of a dissolvable sub- 
stance (photo resist, lacquer, etc.) will be applied to the 
unmasked regions, and after drying the tape, once again removed. 

5. Electroless nickel plating will then be applied to the exposed 
patterns. 

b. The soluble coating will tlien be removed and the wafers cleanctl 
and dipped into a solder pot to complete the contacting. 

To date this tedinique lias been successfully employed on single 
crystal silicon wafers witli p-n junctions. 

CERAMIC SUBSTR^XTE DEVTiLOBENT 

In addition to developing a material to be compatible witli molten 

silicon, tliis portion of the program was spent examining several processing 

approaches, whicli could be scaled-up to squiire meter size substrates. These 

approaches include, rolling, casting, doctor blading and liot pressing. 

Rolling of a high plasticity, mullite material lias been examined and sub- 

~> 

strates as large as 500 cm*" Ivave been formed ami fired. Rolling and doctor 
blading of a calcium aluminate Ixjund alumirui material has also been shown 
to be feasible. Casting and doctor blading of a silica substrate lias 
also been demonstrated, liot pressing of fiberglass products into large 

7 

500 cm" sheets has also been accomiilished. 

2 

Standard 25 cm tost samples for tiiis program have been prepared or 
received from vendors as indicated in Table II. Each of these materials 
is discussed below. 

Mullite: Mullite is an aluminum silicate com^iound (.vVItO, • 2S10t) 

which is available in numy forms. The pure material lias a melting jxiint 
of about 1850°C, but up to 30# glassy pliasc is conrionly fouml in this 
material which lowers the softing point. The thermal expansion and 
conductivity of mullite is about 5.0 x 10 ^/C and 3.5 Btu/lir-ft :°I- res- 
pectively ami its theoretical density is 3.2b gm/cc. TIk' following four 
types of mullite luive been obtained for this program. 


T.VBU-: NO. II SUBSTR/\TE MA1T£RIAL STATUS 
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1. lloneyv,’ell rolled MV-20 

2. McDaniel castctl MV^-30 

5. lIone)^oll hot pressed Fiberfrax 

4. /\merican Lava pressed material 

McDaniel mullitc conqiosition MV^-20 was procured in a plastic extrudable 
fonii. Test substrates (2" x 2V x 1/lb” thick) were produced by rolling 
the material out on a smooth, oiled surface and controlled dr>*ing and 
firing to 1640°C. ^Vfter rolling, the sheet material was cut into over- 
sized (Zh" X 2-3/4") coupons. The coupons were dried between flat plaster 
of Paris blocks for 20 hours at 60°C. They were then bisque fired on 
mullite sagger plates to 600°C and finally high temperature fired (on 
mullite) to 1040°C. Tlic slight warjiage whicli occurred during high tcnqiera- 
ture firing is attributed to non-uniform heating in the high convection 
gas-fired kiln. A total of 38,2" x 2h" substrates liave been produced. 

Several larger 3" x 5" substrates and 8" x 9" substrates were successfully 
prepared of this material by the rolling methods. 

A second McDaniel mullite con^osition M\'-30 was procured in firetl 
tubular form. Eight (2" x 2V x 3/16" thick) test coupons were ait from 
this material. The MV’20 and M\'30 materials t>q5ically contain 20 and 15% 
glassy pliase after firing. 

/\n additional one hundred 2" x 2" x 0.1" experimental presseil mullite 
substrates liave also been ordered from .American l.ava Div of 3M Inc. Rigid 
sheets of mullite fibers liave also been formed by pressing double or 
triple layers of Fiberfrax (0.05" thick Carlionmdum sheet) under a load at 
1400*^0. Flat very porous rigid sheets 0.04 to 0.06" thick witli a density 
of 0.5 gm/cc. were fonned by this process. 

Alumina : .\lumin;i substrates are the most comnon t>T)c of flat ceramic 
material used for electronic circuitry. l\ire Al^O- luis a melting point 
of alxjut 2000°C and a thernuil exiiansion and conductivity of 6." to 10 /°C 
and 10.0 Btu/hr-ft-°F resjx'c lively. The theoretical density of this material 
is 3.98 gm/cc. 
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IVo tv]5es of alumina substrates liavc been obtaineil for this program. 

One hundred pressed 961 aiul 851 alumina 2" x 2" x 0.05" plates have been 
procured from American Uiva. Tliese are designated as Alsimag 614 and 798, 
respectively. A third type of aliamina lias been fabricated at Honevavell by 
rolling, pressing and doctor blading of a calcium aluminate bound alumina 
material. Table III gives four coiq50sitions tliat have been formulated for 
Alcoa CA-25 calcium aluminate cement and tabular alumina filler. The 
consistency of tic mixture was varied by addition of water based on the 
method of forming. 

Smooth compress surfaces with no sticking were accomplished at 5,000 psi 
pressure. No apparent warpage occurred during firing. Rolled substrates 
lud some surface rougluiess. Slight raipage occurred during high temperature 
firing. Tliese materials were still someu'liat porous but still liad a density 
over 3.0 gm/cc. 

Zircon : Zircon is a zirconia silicate (ZRO^-SiO^) compound with a 

melting jKiint of 1530°C and theoretical density of 4.68 gm/cc. The thermal 
expansion and conductivity of this material is6.0 x 10 ^C.and 3.8 Btu/hr-ft-°r, 
respectively. One hundred pressed 2.0" x 2.0" x 0.1" substrates of Alsimag 
475 have been procured from /\merican Lava for this program. 



Cordierite : Cordierite is a magnesium aluminum silicate (2 M^0.1M,0j.5Si0,') 

with a melting point of 1200°C, however, slightly different mcdifications 
may be as high as 1400°C. This material lias a thermal expansion of 1.5 x 

10‘Vc. 

Samjile Cordierite substrates were obtained from the following two 
suppl iers. 

1. Minnesota Mining and Mfg. Co. (3M - Alsimag 701) 

2. IXi-Co Ceramics Co. (A-3171) 

A specimen of each mterial was fircil at 1500°C with the results shown 
in Plioto No. 4. Both materials show leaching out of a loi-cr melting 
constituent. Tlic 3M material retains its slvipe, hit the I>»-Co material melted 
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I 'oto No. 4 


Cordicritc Substrate Samples - SM (Alsimag 701) 
IJpper and IXi-Co (A3 171) 

Louer - Before and After Firing at 1500 C 


completely. TIk' IXi-Co material will therefore not bo evaluated for the 
silicon dip-coating application. 


Silica ; Silica in jxjwdercd form was procured from (llasrock lYoducts. 

Iliis Glasrock grade "I" material (99!1 particle sizes 

dosigiuitod (1P31 (Fisher sieve 2.0) anil GP 71 (Fisher series 4.5). 

Two formulations were made (.See Table 111). In eacli case, a slip was 
prepared by high-slicar mixing of tlie solid in^ircilicnts and water. Tlic 
material was then cast on a flat porous substrate. The castings were 
dried at O0°C, bisque firetl at 600°C arwl subsequently high tcmj)craturc 
fired at cither of two liighcr temperatures. (See Table III.) 

A sliglit waiqiago of the cast sheets occurretl after liigh ten^x^rature firing. 
This is attributed to a nonuniform particle size distrilxition through tlie 
sheet thickness. TIk' fircxl substrates appear to liave ;ulc<iuate stnictural 
strength for subsequent processing. 


CONCLUSIONS AND FU-lCOMliNDATIONS 


As a result of our intial successful dip-coating results, the following 
conclusions arc made: 

7 

1. Tliat relatively thin (- linin'), larger area (' 20 cm") flat 
mullite and alumina substrates kivc proven to be as tliermally 
compatible witli the dip-coating process as were the much smaller 
sections of ceramic tubing coated prior to this contract program. 

2. Tliat as previously demonstrated, the crystallization and layer 
tliickness responds to anil can be controlled by at least two 
gro\\rth parameters; namely pulling rate and melt temperature. 

5. Tkit tie initial crystalline grains are dendritic in ruiturc, 

but are ncvcrtlielcss many times larger than the layer thickness. 
This more clearly demonstrates tliat a high degree of nucleation 
occurs from previously grov.n silicon. One can furtlier conclude 
tliat such a nucleation process is likely to improve the diances 
for much larger crystallites as the area of the substrate is 
scaled up. 

4. Tliat the resistivity of the sil kon coatings can apparently k- 
predicted and controlled by the inpurity doping methods 
associated with single crystal ingot grouth. 

5. Tliat a multitude of variables arc possible using this groutli 
process, thus imiking it necessary to pursue a scientifically 
orgimizcd and methodic experimental approach to tlie research 
that is to follow. 

Dm ing a recent meeting with the contract montitor, Dr. heiixDld and 
lloiiewcl 1 sujiport personnel, further conclusions an' reconneiulat ions were 
discussed :uiJ agiecd upon. They arc as follows: 


Tliat the llonc>vell Ceramic Center lias fabricated or purcluised 
a sufficiently large variety of cenimic substrates to eruible 
tlie Research Center to comcnce an evaluation directetl toward 
substrate definition. Hence, no further substrate development 
should be undertaken until further dip-coating experiments 
provide tlie necessan’ feedback. 

Tliat further consideration should soon be giv'en to alterruite 
methods of coating carbon onto the substrate prior to dip-coating. 
Further, an effort should be made to minimize the variables 
introduced by the source of the carbon in these experiments. 

Tliat, if, carbon coatings and subsequent silicon coatings can be 
made to adhere to sapphire ribbons, tliat by coating these 
ribbons one should certainly reduce the number of impurity 
sources .'ind thus improve the cluinces for identifying such 
contamination sources as those which imiy originate from the 
carbon coating, argon atmosphere, dip-coating facility parts, 
etc. 

Tlvit fabrication of solar cell sanqiles should proceal ahead of 
the plcui schedule and should include nuiking electrical contact 
to the bottom layer by the simplest method available. 
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PROJECTEn nilWJ QU/\liTER ACTIVITIES 

In an effort to gain additional insight, a few additional dip-coating 
nans will unmediately take place. A constructive research plan will then 
be developed to systematically cope with the many variables wliich are 
inliercnt to any totally new groutli concept. 

A systematic approacli will commence designed toward the eventual 
characterization of optimized growtli parameters which are comjiatiblc 
witli the program’s economic feasibility goals. Compromises will be giv'en 
consideration. 

-Additional substrate materials will be evaluated and cliaractcrizcd 
with respect to their acceptability to the dip-coating process. 

-Additional tecliniques will be developed for carboniziiig the ceramic 
substrate. 

If possible, sapphire ribbons will be silicon coated in an effort to 
establisli tlie influence of the substrate surface texture on crystallization 
or thereby determine the carbon coating's influence on crystallization. 

Using sappliire substrates will also establish a "best case’’ contlition 
with respect to impurity contamination. 

Cryogenic teclmiques will be investigated to dctenninc their applicability 
as an additional electrical characterization metliod for identifying un- 
desirable chemical impurities. 

Teclmiques will be considered for determining the contribution, if 
any, of tlie silicon carbide film to tlie overall electrical conductivity 
of tlie silicon coating. 

Pinal ly, solar cell junctions will be cvaluatal and their conversion 
efficiencies comiiarcd with those of single crystal wafers, Imth of whicli 
will be fabricated together in a parallel effort. 
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